Introduction 28
This supporting information file includes additional text and 25 figures further describing the 29 methodology supporting the evaluations in the paper.
31
Text S1. Methods and comparisons of NASA and BIRA SO 2 SCD in 2010 32 33
These comparisons are only for January and July of 2010 limited by the availability of 34 NASA prototype product data. For NASA prototype and BIRA products, the model 35 simulations use interpolated scattering weight provided in the retrievals to convert 36
VCDs to SCDs; the differences between simulations and observations are computed 37 according to Equation A7. A constant AMF of 0.36 is used to convert both simulated 38
and OMI retrieved SO 2 VCDs to SCDs for NASA standard product following Equation 39 A9. The choice of 0.36 rather than GEOS-Chem AMF as in Equation A10 ensures that 40 the OMI SCD after this conversion has the same value with SCD directly retrieved from 41
OMI. Further top-down emission estimates and comparisons with surface 42 measurements in Section 4 and Section 5 demonstrate that emissions derived with 43 discrepancy term following Equation A9 has more consistent magnitude with 44 measurements and our prior knowledge than those derived using Equation A8 retrievals are more consistent in July ( Figure S6 ) than in January ( Figure S3 ), especially 51
in the south of 45°N. In the global comparisons shown in Figure S4 and Figure S7 , 52 GEOS-Chem SO 2 SCDs are higher than OMI's using NASA product scatter weight in the 53 north of 45°N, but model simulations are smaller than OMI's in the same region when 54
using BIRA product. This difference could possibly be explained by the large VZA in the 55 high latitude, which lead to larger uncertainties. 56 57 S2. Comparisons of AMFs in GEOS-Chem and OMI retrievals 58 59
Here, we compare OMI SO 2 AMFs provided in NASA prototype and BIRA OMI SO 2 60 products. We also evaluate GEOS-Chem AMFs calculated by interpolating OMI 61 scattering weight, where the same GEOS-Chem SO 2 VCDs are converted to different 62 SCDs using different scattering weight. In Figure S8 , Figure S10 and Figure S12 , AMFs 63 from NASA prototype product in January for East Asia, the US and global simulations 64 are mostly higher than AMFs from BIRA product. Averaged over the whole domain, 65
OMI AMFs from NASA are higher than those from BIRA by 18%, -2% and 13% in East 66
Asia, the US, and global domains. GEOS-Chem AMFs using BIRA scattering weight are 67 also 36%, 31% and 29% higher than those using NASA scattering weight. AMFs over 68
continents are generally smaller than 1.5 whereas AMFs over the ocean are generally 69 higher than 1.5. 70 71
AMFs in July ( Figure S9 , Figure S11 , Figure S13) 2005 to 2010 and decrease by 3.4% from 2010 to 2012, contradictory to trend from 88 surface measurements. These differences in surface SO 2 concentrations come from 89 discrepancies in posterior SO 2 emissions constrained by two SO 2 retrievals ( Figure S27 ), 90
which are less robust in cleaner regions like South Korea where annual mean SO 2 91
column is close to the magnitude of noise as discussed in section 4. S8 . East Asia GEOS-Chem (left) and OMI (right) AMF from NASA prototype and 171
BIRA product for January 2010. AMFs in the left column are calculated using Equation 172 A4 to Equation A6. AMFs in the right column are directly read from OMI products. 266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287 288 Figure S17 . Spatial correlations between OMI VZAs and differences in SO 2 retrieved 289 columns in BIRA and NASA products in January 2010. The higher OMI SO 2 columns in 290
BIRA product usually happen at locations where VZAs are over 30° .  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310 Tested gamma values for BIRA SO 2 product are: 1, 5, 10, 50, 70, 100, 200, 500, 1000; 323 tested gamma values for NASA SO 2 product are: 1, 5, 10, 30, 50, 70, 90, 100, 150, 1000. 324 We choose γ r = 10 for both products. 325 326 327 328 Figure S21 . Error minimization and L-curve tests for January 2010 for the US domain. 329
Tested gamma values for BIRA SO 2 product are: 0.1, 1, 20, 50, 100, 1000; tested gamma 330 values for NASA SO 2 product are: 0.1, 1, 20, 50, 100, 1000. We choose γ r = 20 for both 331 products. 332 333 334 335 Figure S22 . Error minimization and L-curve tests for January 2010 for global domain. 336
Tested gamma values for BIRA SO 2 product are: 1, 10, 50, 100, 500, 10000; tested 337 gamma values for NASA SO 2 product are: 1, 10, 50, 100, 1000, 10000. We choose γ r = 50 338
for both products. 
